Nisin is a peptide antibiotic produced by some strains of Lactococcus lactis subsp. lactis. The antibiotic inhibits a variety of gram-positive bacteria (21) and has been used frequently in Europe as an additive to prevent clostridial blowing in processed cheese (24) . The Food and Drug Administration recently awarded a nisin preparation generally regarded as safe status within the United States for use in certain pasteurized cheese spreads to prevent contamination by Clostridium botulinum (13) .
Investigators have attempted to use nisin-producing starter cultures, alone or with the usual industrial starter strains of lactococci, lactobacilli, and propionibacteria, to control clostridial spoilage in rennet-set Dutch and Swiss cheeses (Edam, Emmenthal). The nisin producers controlled clostridial growth but adversely affected cheese quality even when the industrial starters were included, because they were also inhibited by nisin (21, 24) . Later experiments which combined nisin producers with nisin-resistant mutants of the industrial starters also proved ineffective because the latter organisms suffered from prolonged lag phase, increased bacteriophage sensitivity, lower heat resistance, and lower acid production in milk (24) . The nisin sensitivity of cultures used in mixed and multiple starter systems has continued to prevent the inclusion of a single nisin-producing strain and has limited the use of nisin to direct addition in processed products. Nisin-producing cheese starters have remained appealing, however, because the antibiotic has been shown to inhibit pathogenic and spoilage organisms such as Listeria, Staphylococcus, and Clostridium spp., which occasionally contaminate cheeses (5, 7, 21, 24) . Additionally, U.S. cheese processors that utilized cheeses made with nisin-producing starters could reduce the amount of added nisin needed in cheese spread blends. Genetic studies have recently suggested that it is possible to construct nisin-producing starter cultures which would avoid the problems observed by early investigators.
Although the nisin precursor gene, nisA, has been cloned (6, 9, 22) , nisin production by clones has not been reported. Expression will likely require cloning of the gene(s) needed for nisin activation (9, 21) and nisin immunity (if the cloning host is sensitive). Beginning in 1984, however, Gasson (15) reported conjugal transfer of nisin production and immunity (Nip') among strains of L. lactis subsp. lactis and the simultaneous transfer of sucrose-fermenting ability (Suc+). Gonzales and Kunka (17) 
MATERIALS AND METHODS
Bacterial strains. Lactococcal strains used in this study are described in Table 1 . Cultures were stored at 4°C and maintained by biweekly transfers in M17 broth (38) , which contained 0.5% glucose or lactose (M17-G or M17-L) as the sole carbohydrate source. Lactococcal cultures were grown at 30°C. Escherichia coli V517 (25) was grown in brain-heart infusion (BBL Microbiology Systems, Cockeysville, Md.) at 37°C with aeration.
Electroporation. To develop suitable L. lactis subsp. cremoris recipients for conjugation, we transformed strains by electroporation with either the 4.9-kb plasmid pGK13 (37) or the 9.8-kb plasmid pGB301 (4) . These plasmids each contain resistance determinants to erythromycin and chloramphenicol which are expressed in lactococcal hosts. Cells for electroporation were grown to an optical density at 600 nm of 0.3 in M17-L, centrifuged at 4,300 x g for 10 min, washed with 5 ml of ice-cold electroporation buffer ( aTransconjugants were detected by replica plating onto selective media (2). 6 Cell mixture was harvested from the milk agar plate with 1 ml of 0.85% saline, and then cells were plated on selective media to detect transconjugants (27) . (35) was used. Transconjugants from solid surface milk agar matings were detected by replica plating onto selective media (2) or cells were harvested from the milk agar plate (27) in 1 ml of 0.85% saline and then 0.1-ml volumes were plated onto selective media. Transfer frequencies were calculated as described above for DPC matings.
DNA isolation and purification. Plasmids were isolated by the method of Anderson and McKay (1) and, if needed, purified by CsCl density gradient centrifugation (26) . The presence of plasmids in the cells lysates was established by electrophoresis in 0.6% agarose gels at 3 V/cm for 7 h with CsCl-purified plasmids from E. coli V517 (25) (Fig. 4) (Table   3 ). To determine whether transfer could occur if the selective media contained an agent that was bactericidal rather than bacteriostatic, matings were performed on bromocresol purple-sucrose agar which contained 10 jig of nisin (Aplin and Barett, Ltd., Wiltshire, United Kingdom; 3.7 x 107 IU/g) per ml and 5 ,ug of erythromycin per ml. Transfer of Nip+ Suc+ was detected on these plates but at a greatly reduced frequency (3.4 x 10-8).
Results from the comparison of conjugation methods ( (20) . Prior use of nisin-producing L. lactis subsp. lactis starters has shown that these organisms effectively controlled some of the bacterial contaminants associated with cheese production (24) . Unfortunately, the success of these experiments was limited by frequent defects in the cheese quality. This problem was attributed to nisin activity against the other bacterial cultures in the starter blend and because, alone, the nisin-producing L. lactis subsp. lactis produced an inferior quality cheese (21, 24 The plates were incubated for 18 h, and then cells were harvested as described for milk agar matings. DPC was then performed. d Cells were recovered from milk plates in 1 ml of saline.
peptides and other off flavors in cheese (20, 39 (5, 7, 21, 24) . Thus, construction of nisin-producing strains from commercial L. lactis subsp. cremoris starters may lead to enhanced product safety and shelf life without any compromise in product quality.
The data presented in Fig. 2 (Table 2) , media and time requirements are reduced compared with either milk agar (27) or filter (16) matings. Additionally, because cells may be concentrated prior to mating, the DPC technique may allow for improved detection of very low frequency conjugal events. High-frequency events were readily detected by the crossstreak DPC assay (Fig. 1) . Electroporation can be used to construct recipient strains for conjugation from a variety of lactic or other bacteria lacking useful genetic markers (8, 10, 19, 31 (6, 9, 22) . The (42) . Table 3 shows that the observed transfer frequencies from matings performed in the presence of nisin and erythromycin were approximately 200 times lower than those observed on media which contained only erythromycin. This observation suggested that the action of nisin on recipient cells inhibited conjugative transfer of Nip' Suc+ to a greater extent than did erythromycin inhibition of donor cells. It is possible that donor cells in the presence of erythromycin were capable of DNA transfer beyond a time which corresponded to that when recipient participation was prevented by nisin in the modified mating plates. These results also implied that de novo protein synthesis in donor cells was not essential for conjugation.
Successful transfer on media which contained nisin indicated that transfer and expression of Nip' Suc+ occurred relatively quickly on selective media. This inference was based on spectrophotometric data which indicated that recipient cell lysis occurred approximately 4 h after the addition of 10 pug of nisin per ml (data not shown). Transfer on the nisin-erythromycin plates also suggested that the expression of nisin immunity in transconjugants allowed at least some of these cells to survive despite exposure to the antibiotic before gene transfer and expression were completed.
Results from the DPC mating performed between donor and recipient cells which had been harvested from milk agar suggested that solid surface milk agar conjugation involved gene transfer both on milk agar plates and on the selective media. The demonstrated ability of harvested cells to conjugate on selective media ( Table 3 ) also suggested that reports of lactococcal conjugation in broth (41) , in calcium alginate beads (36) , and on filters (16) require further investigation to confirm conjugation under the study conditions as opposed to possible subsequent transfer on selective media only.
Data presented in showed that washing cells with saline eliminated the need for a-chymotrypsin in all matings (Table 3 ).
In conclusion, conjugation has been widely described for a variety of phenotypic traits in lactic acid bacteria (12, 23, 30) . This method of gene transfer has been useful in studies which have investigated the genetics and plasmid biology of these organisms. Conjugation has been applied practically to obtain improved phage resistance in lactococcal strains for the dairy industry (32) . Organisms which are genetically improved by conjugation bypass many obstacles associated with the commercial application of strains which contain recombinant DNA molecules (12) . For this reason, conjugation will probably continue to be an important means to improve strains for these applications.
Despite this background of study and application, mechanisms of conjugation among gram-positive bacteria, except for the pheromone-induced cell-to-cell adhesion between strains of Enterococcus faecalis (11) 
